T wo common surgical treatments for cervical spondylotic myelopathy (CSM) are anterior cervical fusion (ACF) and posterior cervical fusion (PCF). 1 ACF encompasses both discectomy and corpectomy. ACF and PCF procedures offer unique advantages and disadvantages. Although complications such as dysphagia and dysphonia are more common in ACF, the procedure enables direct decompression of cervical pathologies in kyphotic, neutral, or lordotic alignment. Although PCF can be used in patients with neutral or lordotic spinal alignment, 2 it can lead to significant postoperative muscle pain. [3] [4] [5] [6] Previous studies found that complication rates are higher with PCF than with ACF. 6 In addition to traditional outcome measures such as complication rates, readmission rates, and revision surgery rates, recent studies comparing the 2 procedures focused on their costs. 7, 8 For example, Oglesby et al 9 found that from 2002 to 2009, the in-hospital cost of PCF increased more than twice as much as did the cost of ACF.
Several previous studies used retrospective singleinstitution level data to quantify outcomes for CSM patients after anterior or posterior surgeries. [10] [11] [12] [13] It remains unclear whether ACF or PCF is superior with regards to cost effectiveness or outcomes for the treatment of CSM. One potential cause of this uncertainty is that a dearth of large-scale, randomized studies exists in the literature comparing outcomes associated with ACF and PCF when used to treat CSM.
The present study uses a large, multi-institutional, retrospectively collected, all-payer database of inpatient diagnoses and procedures. Using ACF and PCF cohorts, we sought to test our hypothesis, developed from previous nonrandomized studies, 9, 14 that ACF leads to better outcomes at lower costs than PCF in the treatment of CSM.
MATERIALS AND METHODS

Data Collection
This study used Nationwide Inpatient Sample (NIS) data from 1998 to 2011. Data points were chosen from hospitalizations if any diagnosis listed the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis code for CSM (721.1). Patients were then grouped by treatment; grouping occurred between ACF and PCF, based on whether ICD-9-CM procedure codes 81.02 and 81.03, respectively, were listed for any procedure throughout an episode of inhospital care. [15] [16] [17] Established by the Agency for Healthcare Research and Quality, the NIS is the largest all-payer health care database in the United States. 18 The NIS contains a 20% stratified sample of all hospital discharges from 1988 to 2011. Within the database, each entry corresponds to a single hospital admission. Using the NIS, national estimates can be generated by assigning weighted values to each hospital discharge. The NIS includes data on patient demographics, comorbidities, diagnoses, procedures performed, outcomes (eg, length of hospital stay, hospital charges, mortality), and hospital features. 18 Finally, the NIS codes admission diagnoses, procedures, and in-hospital complications using ICD-9-CM codes.
To mitigate bias, data were used starting in 1998 because the sampling strategy of the NIS changed that year. 17 Furthermore, Elixhauser comorbidity data 19, 20 were collected beginning in 1998. The Elixhauser index is a composition of 30 comorbidities representing significant conditions associated with in-hospital mortality, including acute and chronic comorbidities. The Elixhauser index allows for standardized risk adjustment in administrative databases, and the NIS includes 29 of the Agency for Healthcare Research and Quality comorbidities originally discussed by Elixhauser et al. 19 In addition, we obtained data on patient age, sex, race (white, black, Hispanic, Native American, Asian, other), median income based on patient's zip code, primary payment type (Medicare, Medicaid, private insurance, self payment, no charge), hospital characteristics (academic hospital setting, admission source (emergency, urgent, or elective), weekend admission, hospital bed size, hospital region). We also obtained data on levels of fusion (either 2-3 levels fused or 4-8 levels fused) and spine alignment (kyphosis, lordosis, or neutral). Number of levels fused was determined using ICD-9-CM codes 81.62 and 81.63 (for 2-3 levels and 4-8 levels fused, respectively). 16, 21 Kyphosis was determined using ICD-9-CM codes 737.10 and 737.19 and lordosis was determined using ICD-9-CM codes 737.20 and 737.29. 16 Only patients aged 18 years and older were included. IRB approval (study #14-1108) was obtained before start of study.
Statistical Analysis
Significant differences between surgical cohorts at baseline were determined using w 2 test for categorical data and Student t test for discrete variables. An a level of <0.001 was used to denote statistical significance because of the large sample size included in the NIS database.
We generated matched cohorts using a propensity scoring method to minimize the effect of baseline characteristic imbalances between the ACF and PCF cohorts. We assigned a propensity score to each hospitalization based on the likelihood of treatment using a multivariable logistic regression that included number of levels fused, spine alignment, patient demographics, hospital characteristics, and payment source as covariates. Similar propensity scores between the 2 cohorts were matched using a nearest-neighbor method within 0.02 SDs of the calculated score without replacement. [22] [23] [24] Furthermore, propensity scores were used to stratify the sample into 5 equally sized quintiles. Dividing a study population into quintiles using propensity scores can eliminate 90% of bias based on measured covariates. 25 After the work of Rosenbaum and Rubin, 26 we used a standardized difference with an absolute value >0.10 to determine significance in assessing balance across all measured covariates. The variables found to be unbalanced across the 2 cohorts after matching were included in the final regressions.
Outcome measures used to compare the ACF and PCF cohorts in both propensity-matched and propensityunmatched samples were length of stay (LOS), hospital charges (adjusted for inflation to 2011 dollars), in-hospital mortality, dysphagia diagnosis (ICD-9-CM diagnosis code 787.2), and discharge disposition (discharge to home or to another care facility). Hospital charges were adjusted for inflation to 2011 dollars using the Bureau of Labor Statistics CPI Inflation Calculator. 27 Discharge weights were used to generate national estimates. A multivariable linear regression model was used to measure the effect of treatment assignment and propensity score on LOS and hospital charges, whereas a multivariable logistic regression model was used to measure the effect of treatment assignment and propensity score on inhospital mortality, discharge disposition, and dysphagia diagnosis. Analyses were performed using Stata software version 13.0 (Stata Corporation, College Station, TX).
RESULTS
From 1998 to 2011, the NIS includes 109,728 hospitalizations with a CSM diagnosis listed during an inpatient episode of care. Of these patients, 45,629 (41.6%) underwent ACF and 14,439 underwent PCF (13.2%).
Patient demographics and comorbidities are summarized in Table 1 .
Before matching, patients undergoing ACF were younger, more likely to be female, to be white, to have an elective admission, treated in a southern hospital, have private insurance, and to have been treated at a smallsized or medium-sized hospital relative to the PCF cohort. The PCF cohort was more likely to have been admitted on the weekend, to have an emergent or urgent admission, treated in a northeastern, midwestern, or teaching hospital, to pay with Medicare or Medicaid, and to be black or Hispanic. Finally, the PCF cohort was more likely to suffer from arthritis, congestive heart failure, chronic lung disease, depression, diabetes, hypertension, or liver disease, as determined by ICD-9 codes
All covariates from Table 1 were used to generate a propensity score. We matched 11,671 PCF patients with ACF patients. We assessed the matched cohorts for covariate balance. As shown in Table 2 , matching eliminated almost all significant differences in clinical characteristics, demographics, hospital characteristics, payment source, and comorbidity prevalence between the 2 cohorts with 2 exceptions: patients in the ACF cohort in the matched sample were more likely to be hypertensive and have diabetes mellitus than patients in the PCF cohort. Specifically, patients in the ACF and PCF cohorts were equally likely to have undergone multilevel fusion and were equally likely to be kyphotic or lordotic.
In the matched analysis, patients that underwent PCF incurred $41,683 more in-hospital charges ($59,934 for ACF and $99,841 for PCF, inflation adjusted to 2011 dollars, P < 0.001). Patients in the PCF cohort remained in hospital an average of 2.4 days longer than patients in the ACF cohort (4.3 d for ACF and 6.5 d for PCF, P < 0.001). The odds of in-hospital mortality, however, were not statistically significantly different between the 2 cohorts [0.80% for ACF and 0.84% for PCF, odds ratio 0.91, 95% confidence interval (CI), 0.68-1.21]. As expected, the odds of experiencing dysphagia while in the hospital were 2.5 times greater in the ACF cohort relative to the PCF cohort (95% CI, 2.01-3.1). Lastly, the odds of being discharged to home were 3.0 times greater for the ACF cohort relative to the PCF cohort (95% CI, 2.9-3.2). These results are shown in Table 3 .
We also performed a sensitivity analysis by first increasing and then decreasing the number of SDs used in the matching algorithm. These 2 analyses yielded similar results to those described above.
DISCUSSION
Previous studies comparing outcomes between ACF and PCF have focused on reoperation rates, 28, 29 cost utility analyses, 8, 30 and in-hospital complication rates. 17 For example, Oglesby et al 9 found that from 2002 to 2009, the in-hospital cost for PCF was more than twice as much as that of ACF. However, a recent review by Alvin et al 2 found that many cost studies in the ACF-PCF comparison literature fail to adequately include indirect All data come from the NIS. All patients with a diagnosis of CSM between 1998 and 2011 and that were 18 years or older at the time of admission were included. The Elixhauser index is a composition of 30 comorbidities characterizing significant conditions associated with in-hospital mortality, including acute and chronic comorbidities. The Elixhauser index allows for standardized risk adjustment in administrative databases such as the NIS. The Elixhauser index score ranges from 0 to 30, with 0 indicating that a patient has none of the 30 comorbidities and 30 indicating that a patient has all 30 of the comorbidities. An a level of 0.001 was used to determine significance. All calculations were performed using Stata 13.0.
*Statistically significantly different result. ACF indicates anterior cervical fusion; AIDS, acquired immunodeficiency syndrome; CSM, cervical spondylotic myelopathy; NIS, Nationwide Inpatient Sample; PCF, posterior cervical fusion. costs in their analyses. Despite this limitation, Alvin and colleagues conclude that both dorsal and ventral decompression and fusion, when used to treat CSM, can lead to significant improvements in quality of life. Still, uncertainty remains about which of the 2 approaches is preferred in the treatment of CSM. The lack of randomized-controlled trials comparing these 2 procedures has contributed to this uncertainty. Although the present study is not a randomized trial, the present study uses propensity matching of baseline factors among patients undergoing ACF and PCF to mitigate bias in evaluating in-hospital charges, length of hospital stay, in-hospital mortality, and discharge disposition. After matching, the ACF and PCF cohorts were not significantly different with respect to baseline clinical characteristics, demographics, hospital characteristics, and payment source. The ACF cohort remained more likely to have diabetes mellitus and more likely to be hypertensive.
In-Hospital Charges
We found that the ACF cohort had an average of $41,683 less in-hospital charges ($59,934 for ACF and $99,841 for PCF, inflation adjusted to 2011 dollars). Although not a direct indicator of patient costs, hospital charges offer some insight into the financial burden patients and insurers confront. One partial contributor to the charge discrepancy is the significantly shorter LOS associated with ACF. A second source of the charge discrepancy is that PCF is often a longer procedure than ACF, leading to increased use of hospital resources.
Boakye et al 14 presented national estimates of complications and outcomes after spinal fusion for treatment of CSM. Using NIS data from 1993 to 2002, the authors identified patients with CSM and recorded the Elixhauser index, 3 comorbidity variables, patient age, hospital size, and hospital volume. The authors performed multivariate logistic regression, controlling for the covariates described above. Boakye and colleagues found that ACF patients had significantly lower mean hospital charges than PCF patients ($23,309 and $30,927, respectively).
Although these estimates are lower than our estimates, Boakye and colleagues did not adjust their results for inflation. Moreover, the data in Boakye and colleagues extends only to 2002, when overall hospital charges were less for any hospitalization than during the time period included in our data set. In addition, the ACF and PCF cohorts in the NIS are unbalanced across several variables at baseline, including clinically relevant details such as number of levels fused and spine alignment. Boakye and colleagues failed to include several of these variables in their study. The present study differs from Boakye and colleagues by using propensity matching to mimic the conditions of a randomized-controlled trial. This matching technique allows for a more direct comparison of outcomes after ACF and PCF, specifically because we compared 2 cohorts with similar clinical characteristics. Although hospital charges should not be relied upon to determine appropriate treatment approach and strategy, it is important to identify variations in charges among patients with similar covariate and demographic profiles that undergo surgery for similar pathologies.
Length of Hospital Stay and Discharge Disposition
The PCF cohort remained in hospital an average of 2.4 days longer than the ACF cohort. This is consistent with Oglesby et al 9 who used NIS data from 2002 to 2009 to assess trends in anterior and posterior cervical spine surgery for degenerative diseases and found that PCF patients had an average LOS significantly greater than that of ACF patients (7.4 d for PCF compared with 2.5 d for ACF, P < 0.001). They also found that PCF patients had greater mortality, comorbidities, costs, and longer hospitalizations compared with ACF patients. Similar to the limitations in Boakye and colleagues, the Oglesby and colleagues study only described epidemiological trends in patients undergoing PCF and ACF. Without utilizing matching to produce cohorts that were balanced across covariates at baseline, Oglesby and colleagues could not directly compare ACF and PCF cohorts. In contrast, the matching technique used in the present study allows for a comparison of ACF and PCF cohorts that were similar across a range of covariates, including clinical characteristics and patient demographics.
In addition to shorter length of hospital stay, the ACF cohort had greater odds of being discharged to home or self-care compared with the PCF cohort (odds ratio 3.0; 95% CI, 2.9-3.2). These findings suggest that ACF may require less intensive immediate postdischarge care than PCF.
Our results are consistent with Memtsoudis et al, 17 which found that patients undergoing ACF were significantly more likely to be discharged home than patients undergoing PCF (92% vs. 61%, respectively, P < 0.001). Memtsoudis and colleagues analyzed NIS data for all instances of ACF and PCF use, not specifically for the treatment of CSM. Moreover, the authors call for a comparative analysis of ACF and PCF that uses agematched cohorts similar to those in the present study. Finally, Boakye and colleagues found that 84% of patients undergoing spinal fusion (using either anterior or posterior surgical techniques) were discharged home. Although they provide descriptive statistics for adverse outcomes, the authors do not compare ACF and PCF patients on the basis of discharge disposition.
We also analyzed dysphagia incidence as a positive control to validate our data set. The reported incidence of dysphagia in the literature ranges from 1% to 79% after anterior cervical spine surgery versus no such complication in posterior spine surgery. 31 This is similar to our results, which showed that 2.5% of the ACF cohort and 1.0% of the PCF cohort developed dysphagia.
Limitations and Strengths
There are several limitations that should be considered when interpreting the results of this study. First, the NIS uses ICD-9-CM codes to report procedures and A matched sample was generated using a propensity-matching algorithm to match patients undergoing ACF to those undergoing PCF for treatment of CSM. All patients were 18 or older. All data are from the NIS from 1998 to 2011. The Elixhauser index is a composition of 30 comorbidities characterizing significant conditions associated with in-hospital mortality, including acute and chronic comorbidities. The Elixhauser index allows for standardized risk adjustment in administrative databases such as the NIS. The Elixhauser index score ranges from 0 to 30, with 0 indicating that a patient has none of the 30 comorbidities and 30 indicating that a patient has all 30 of the comorbidities. After the work of Rosenbaum and Rubin 26 , a standardized difference with an absolute value >0.10 was used to determine significance. *Statistically significantly different result. AIDS indicates acquired immunodeficiency syndrome; ACF, anterior cervical fusion; CHF, congestive heart failure; CSM, cervical spondylotic myelopathy; NIS, Nationwide Inpatient Sample; PCF, posterior cervical fusion.
diagnoses. Codes are assigned based on a review of the clinician's notes. If a clinician omits a relevant detail in their documentation, relevant ICD-9-CM codes may be missed. Therefore, although useful, relying on these codes to determine our study population renders our outcomes subject to misclassification. 32 Moreover, the ICD-9-CM codes we used for ACF and PCF (81.02 and 81.03, respectively) do not include laminectomy or any mention of decompression, the latter of which is implied considering their use to treat CSM. No specific ICD-9-CM code exists for cervical laminectomy. Second, propensity matching never fully simulates the conditions of a randomizedcontrolled trial, as only observed variables can be included in the matching algorithm. Unobserved (or unrecorded) variables may remain unbalanced and unaccounted for, even after matching. Before matching, the ACF and PCF cohorts were significantly different across several baseline demographics and characteristics. This analysis did not investigate the reason behind these differences; however, we believe that this is an area worthy of future study. After matching, however, our cohorts remained unbalanced across only 2 covariates: prevalence of diabetes mellitus and hypertension. The prevalence of each condition was higher in the ACF cohort than in the PCF cohort. Despite this difference, the ACF cohort had shorter LOS, lower hospital charges, and was more likely to be discharged to home. Third, the NIS does not include the exact number of vertebral levels involved in ACF or PCF procedures. Instead, the NIS records whether a patient underwent multilevel fusion (4-8 levels) or single-level fusion (2-3 levels). Fourth, neurological status, functional outcomes, and other long-term clinical outcomes that would be useful for the purposes of comparing ACF and PCF are not present in administrative databases such as the NIS. Lastly, the NIS gathers administrative data from the inpatient episode of care and, therefore, conditions that may only become apparent with extended follow-up remain outside the scope of investigation.
Despite these limitations, our study mitigates bias similarly to a randomized trial by including a wide array of covariates in both our propensity-matching algorithm and our final models. We were able to provide the results of a large cohort composed of patients from numerous institutions around the country, thereby generating more broadly generalizable results than any study on this topic to date. The results of this study further demonstrate the need for a prospective, randomized-controlled trial comparing ACF to PCF in the treatment of CSM.
CONCLUSIONS
Using a large, nationally representative sample of patient data comparing ACF to PCF, we found that ACF led to lower hospital charges, shorter hospital stays, and an increased likelihood of being discharged to home rather than to any other care setting. As the population ages, the incidence and prevalence of cervical spine degeneration among the elderly stands poised to increase with a concomitant increase in the incidence of CSM. In the current climate of dynamic changes in health care finance, procedures that lead to improved outcomes at lower charges become increasingly worthy of emphasis and recognition. Although our findings do not obviate the need for a randomized-controlled trial with long-term follow-up, they represent another step toward determining the optimal surgical technique in the treatment of CSM. 2.53 (2.04-3.14) < 0.001* A matched sample was generated using a propensity-matching algorithm to match patients undergoing anterior cervical fusion (ACF) to those undergoing posterior cervical fusion (PCF) for treatment of cervical spondylotic myelopathy (CSM). All patients were 18 years or older. All data come from the Nationwide Inpatient Sample (NIS). Hospital charges are reported in 2011 USD and length of stay (LOS) is reported in days. Mortality, discharge disposition (either to home or to another care facility), and incidence of dysphagia are reported as odds ratios (OR). An a level of 0.001 was used to determine significance. All outcomes are reported with 95% confidence interval (CI). Outcomes are robust to heteroskedasticity. All calculations were performed using Stata 13.0.
*Statistically significant result.
